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FLOW-PROPORTIONAL SAMPLING FROM VARIABLE FLOW CANALS
Dy
W. Abtew, L.J. Lindstrom and T. Bechtel

ABSTRACT

A water-quality sampling scheme is presented for determining the appropriate
volumes of flow needed to trigger sample collection by autosamplers installed at remote
canals with variable flows. Flow rates were measured using UVMs (Ultrasonic Velocity
Meters) or pump rating curves and water quality samples were collected with the
American Sigma 800SL portable water samplers. Historical weekly cumulative flows
were analyzed for each of the twelve canals or water control structures monitored. From
this analysis, two sampling volumes were determined: one for low flow conditions and
the other for high flow conditions. The weekly median cumulative flow was used to
calculate a sampling volume for low flow conditions, while the weekly cumulative flow
with a 5% exceedence probability was used for high flow conditions. Sampling results
from a simulation study of the historical flow data are presented along with a discussion
of alternative sampling schemes for site-specific flow measurements.

Keywords: Water Quality. Sampling, Nutrients, Runoff
INTRODUCTION

Inflow and outflow monitoring of an aquatic system is a necessary component in
being able to perform hydrologic and constituent mass balance computations. The
periodic cornputation of mass balances is essential to the understanding of sources and
sinks and their respective magnitudes, and is commonly required to determine
constituent loads and to evaluate the performance of environmental mitigation projects.
Water and constituent accounting requires flow measurements and water quality sample
collection for determining representative concentrations of the constituents of interest.
There are widely accepted schemes for measuring flow rate/volume in canals with and
without flow control structures. Flow through structures such as culverts, spillways and
pumps can be computed with standard methods of flow computations. Flow through
streams without flow control structures can be estimated through stage-discharge (canal
rating), slope-stage-discharge or velocity-area methods. Flow velocity through channel
systems is measured with flow meters, ultrasonic transducers, floats and tracer solutions.
Open-channel formulae are applied to compute discharge through canals, flumes,
tunnels and partially filled pipes of regular geometry (Linsley and Franzini, 1979).

Manual grab sampling and automated sampling are commanly used for water
quality monitoring. Automatic samplers can be programmed to collect sampies at regular
time intervals to produce time-discrete samples. To minimize the number of samples for



analysis, these time-discrete samples can be composited to produce one time-composite
sample. Since constituent concentrations and flow rates usually vary with time, equal-
volume (flow-proportional) sampling is needed to produce representative sarmnples,
Various flow-proportional sampling schemes have been established to produce more
representative constituent concentrations (Steven and Smith, 1978, Rekolainen, et al.,
1991: Shih, et al., 1994; lzuno et al., 1996; Tremwell, et al., 1996). A case study from
south Florida is presented to evaluate an appropriate methodology for collecting surface
water quality samples using automatic samplers in remote canals with variable flow
conditions.

METHODOLOGY AND RESULTS
Method

Various methods were evaluated to determine the appropriate sampling volumes
for flow-proportional samples retrieved on a weekly basis from twelve different canals or
water control structures. The sites, site locations, type of flow-measuring device such
as a UVM (Ultrasonic Velocity Meter) and database keys are shown in Table 1. Flow
velocity is either measured with a UVM or computed frem pump rating curves. Based
on stage data, the UVM micropracessor computes cross-sectional area and calculates
instantaneous canal discharge using its velocity measurements. Data acquisition and
the triggering of the automatic sampler to collect a sample are accomplished with a
CR10 data logger using the flow discharge information it receives from the UVM
MIiCroprocessor.

Flow-proportional sampling is done with an American Sigma 800SL portable water
sampler. The sampler at each site, which contains twenty-four (24) bottles of 1-liter
capacity, is serviced once a week. Each bottle collects eight (8) 100-ml ahquot (sample}
triggered by a predetermined sampling flow volume, giving each sampler the potential
to collect 192 samples (aliquots). The weekly cumulative flow volume is expressed as
a function of the number of samples or aliquots (N) collected during the week and the
sampling flow volume (V,):

v, =NV, (fork £ 152) (1)

The ideal sampling volume (V,) is a variable that changes with the weekly cumulative
flow volume (V) and is expressed as follows:



v
V, = —= (2)
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All samples collected during the week are composited (mixed) to generate one
representative sample with a flow-weighted concentration C, which can be
expressed as follows:

N

o
~ _ i=1
-

(3)

where C is the constituent concentration in sample (aliquot) i and N is the number of
aliquots collected from equal volume of flow (V). The weekly constituent load (L) can
be computed as follows:

L=V e, (4)

where V, is the weekly cumulative flow volume and C, is weekly flow-weighted mean
constituent concentration.

Since more frequent flow-proportional sampling preduces more representative
constituent concentrations than infrequent flow-proportional sampling, the objective of
the sampling scheme is to minimize the sampling (triggering) volume. With the
constraints of having only 24 sample botiles and picking up and servicing the automatic
sampler on a once-a-week basis, two approaches of setting sampling volumes are
suggested.

One method requires establishing sampling volumes for both a high-flow period
and a low-flow period, which are to be programmed into the CR10. This can be
achieved based on analysis of historical observed flows for each structure. The CR10
can switch between the two sampling volumes based on the instant threshold discharge
values set in the program. Representative sampling volumes for both high-flow and low-
flow periods can be developed for each site independently. Seven days of cumulative
flows were computed for each site from the daily historical flow data in the database and
the weekly flows were ranked in descending order. Exceedence probabilities were
computed based on the ranking of the weekly flow volumes for the weeks when flow
occurred. Figures 1a-c show the probability of exceedence of weekly flow volumes for
the various canals and structures.

During high flow periods, the 5% exceedence weekly cumulative flow volume is
used to determine =ampling volume with equation 2. In this case, there is less than 5%
probability that the sampler will be over capacity (all 24 bottles full) befare the routine



weekly servicing is conducted. For sites where the number of weekly historical flow data
sets is small, the maximum value is used to compute the high-flow sampling volume. For
low-flow periods, the sampling volume is determined from the weekly median flow
volume by using equation 2. Table 2 shows high and low flows with their respective
sampling volumes. The constituent loads for each structure can be computed on a
weekly basis using equation 4. The previous week's flow volume can be used to
determine high or low flow conditions. If the previous week had high flow, the current
week would be expected {o have high flow and so forth. There may be cases, however,
where all the bottles become full before the end of the week, particularly during a sudden
transition from a low to a high flow period.

An alternative approach is to obtain a daily remote summary report from the CR10
at each site and determine the sampling volume (V,) based on the flow rate, the day of
the week, the number of bottles filled and the current sampling volume. This approach
would yield more aliquots but would also require manpower to follow up on a daily basis
to review the summary report and remotely make appropriate changes in the sampling
volume. Also, an additional cost of sampling will be incurred because samples
associated with similar sampling (triggering) volumes have to be composited and
analyzed separately. The CR10 has to register sampling volume continuously on one
column to indicate the changes in sampling voluma. Therefore, using this method, load
can be computed as follows:

A
L=13% C V. (5)
m=1 '

where C_ is the mean concentration far a batch of samples with similar sampling volume
(V.) and M is the number of laboratory-analyzed composite samples as weli as the
number of sampling volumes used in the week. Minimizing the changes in sampling
volumes will reduce the number of samples that must be analyzed. Use of this approach
may be important where a high-flow event occurs during a low-flow week or vice versa.

The measurement or the flow-rate scan time of the CR10 must be synchronized
with the flow and sampling rates. The maximum scan or measurement time (T_) in
minutes before a sample is skipped can be estimated as follows:

v
T, = —— (6)
n O = 60

where Q is flow rate in m® 7' and V, is sampling volume in m°. Based on equation (2),
the maximum scan time without missing large volumes between sampling events for
each site is 7.5 minutes. A smaller scan time minimizes the possibility of missing a
sampling event. The minimum sampling volume (V) is limited by the scan time as



follows:
V., = 60 T, (0 (7)

where V_ is the sampling volume in m*; T_ is the scan time in minuwes and Q is flow rate
: 3 -1
inm* s

The CR10, after scanning each time, could possibly face two alternatives where
flow during the scan time is less than or greater than the sampling flow volume. In
cases where the volume is less, the CR10 will continue to scan until the sampling
volume (V,) is exceeded when the sampler is activated. If the sampling volume is
exceeded and the difference is less than a sampling volume, the sampler should sample
once and the difference should be carried on to the next scan time. If the difference is
more than a sampling volume (V,). the sampler should collect samples until the
difference is less than a sample volume. An allowance of 5% fluctuation on the sampling
volume will make it easier to deal with the scanning time lapse. The sampling volume
can be given as a range, V,+0.05V, Once an approach is selected and applied,
modifications can be made based on additional data and problems observed. The
sampling volume(s) used during the week should be registered continuously in the CR10
as one parameter. This will document the sampling volume(s) used during the sampling
period. In the case where a change in sampling volume occurs during the week, the
technician who services the sampler must be instructed to separately composite the
bottles associated with each sampling volume.

In order to minimize the sampling volume misses during scanning time, an internal
surnmation of flow should be performed by the CR10 every minute, using the last
scanned discharge (Q) value. Based on the summation of flow, a timely decision can
be made on whether to collect a sample or not.

Simulation Results

Simulation of this flow-proportional sampling scheme was performed on historical
flow data to evaluate its performance on a weekly basis. Since available flow data were
daily averages, a uniform flow rate during each day was assumed. In the simulation,
flow volume was computed every two minutes and the data were accumulated. YWhen
the flow volume reached the initially declared sampling (triggering) volume, a sample or
an aliquot was collected. The sampling (triggering) volume was determined for both low
and high flow conditions as discussed earlier (Table 2).

Results of the simulation indicated that the performance of the sampling scheme
was site-specific based on the variation of the daily flow rate. In the simulation, the
decision to use either the low or high flow sampling volume was based on the previous
week's flow conditions. The simulation analysis was applied to two structures, the $190



(spillway) and the $140 (pump and spillway). The average weekly number of samples
(aliquots) and standard deviation was 93 (69) and 90 (67), respectively. The number of
weeks when the capacity of the sampler was exceeded was 20 out of 400 for 5190 and
26 out of 462 for S140. Figure 2 depicts the 5190 simulated weekly number of samples
(aliquots), the average number of samples for the historical period and the maximum
capacity of the sampler.

SUMMARY -

Efficient flow-proportional sampling at remote sites with variable flows can be
achieved by programming a CR10 data logger and automatic sampler in response to
current and preceding week flow rates. Statistical analysis of historical flow data can
provide a means of calculating minimum sample trigger volumes with the least chance
of under utilizing or overflowing the automatic samplers. Variable sample trigger
volumes corresponding to current flow rates improve the sampling scheme. Additional
improvements in the sampling scheme can be gained with complex programming if
there is sufficient memory in the data logger,
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Table 1. Site locations, UVM type and DBKEYs

SITE DBKEY Location UVM type/PUMP Rating
G136 15185 C139 Basin USGS Accusonic
L3BRS 16245 EAA AFFRA

NFEED 16754 Western Basin AFFRA

S150 15041 EAA/WCA 3A* USGS Accusonic
WFEED 16752 Western Basin AFFRA

S352 13031 EAA/WCA 3A AFFRA

USSO 16749 EAA AFFRA

L3BRN 16243 C139 Basin AFFRA

=8 15040 EAA/Miami Canal Pump Rating

89 15015 C-11°/WCA 3A Pump Rating
L28U (N. of $140) 06752, 06753 WCA 3A USGS Accusonic

L28IN (S. of $190) 04524,13043,15987 Western Basin

WSGS Accusonic

* Everglades Agricultural Area

£ C-11 Canal

# Water Conservation Area 3A



BIEpP JO SZIS J3||BWS O} B3NP POSN MO Wnwixew §

(052) L4 (0OL1) 92l (009L) £5¢ {/€02) 898 (ESLLE} 0L9Z 06.S

{9¢e) 2’6 (gevi) £21 (9102) 0'45 (5898) 9601 {69991) 950C orLS

{001} €08 (6Li¥) 285 {0182) 62 (FBECL) 6251 (£60£2) 8¥8¢C 65

(0611} g'zZe (5806) /29 (0009} 8681 (/¥50Z) G2ZE (LSB67) 0919 85

{112} 0'g (LEB) Gl {6¢8Z) 0'08 (GorZL) 8EG!L (2¥2Z2) PL22 NYEET

{0gL) oF {504) S48 (152 g'1L2 S1158) s0% {L1EE) 60¥ 0SSN

(985) 9'91 (1852} g1¢ {0EBL) 9¥6 {£058) BY0L (6810L) ¥621 ZGES

ir9) 81 {zge) s {LEBL) 9'FS 581017 9621 (G810l 9521 aEEEN

(625} 1 (0EEZ) £82 {0822) S¥9 {9¥00L) 6824 (BEILL) OEV 051S

(ShL) z'v (6G9) L8 (¥59) 681 {1.882) G6¢ (YOSE} 2E¥ Q334N

{181) L' (96} 286 (€g1LE) L'06 (6Z0F1) LEZL {18621) 0412 SHAE

(aZ1) g'¢ {95s) 69 {£05) 9l ({6t} BOE (P89} 008 9c1Lo

{.0LXH ) ObX W {)j-oe} W-ey (LOLX.M ) 01X W (U-og) w-ey (u-oe} Ww-ey 1S
awnjop Bundwes UEIp3Y awnoa Bundweg aoUgpsaoX] %45 LN LLIX B

SMO|4 MO

smold YBIH

SUONIPUOD MO) MO| pue Mol UBiy 1of sawnjoa Buides pue sawnjoa Mol ARaps ¢ S|qeL



(051S PUB Q334N 'SHEET '981LD) ANngeqesd esuspeeaxa moy Apjoes Bl 8.nbi4

AlpgEgoud eousperoxg

L §0 RO 4D %0 S0 ve £0g Zo L4 Q
T [ T[T [ err e e 4
Joe =
] @
7 @
Joos 2
] =]
e 2
=Sos
] =3
. s
oozt 3
O w = DI5L
Ay gegqosd 9ouspesnag
i ED B0 /D 90 g0 ¥Q v o,
I . ' A oo o AL T
+ oos
] £
, i o
-]
// H00aL x
] g
I g
Hus F
| =
- 0oz
SYEe] i,

Ayqegold esuepeesxy
16D 0 49 80 €0 +) £

o0

170

=]

_—- n-udﬁqqdn_—a-\__—_-_d-an_qqﬂ—__adh__—_udddl.a
- oot
J o0z
J oo
] oor
doog
Alljoego.d aouspeanig
L B'D B0 L0 90 S0 F'0 Co [ L0 a
. e RARES RRRSS Lap st Lon SU LRSS S L UL )
- C2
- ooy
-1 Do
]
-] oos
I.__uﬂn__

(w1-ey) Moy Aptaam

(W-Bg} Mot Aptaa g,



5352

Iaa o1 | sl oo aly gt

03 D4 05 08
Excesdance probability

e o
o2

ln..-.u—l—r"v;.y.Jnni-I-;;al..--l;.;ll.al-
§ £ 8 3 3 8 § °

{wr-ay) moy Apjeep)

oy 0.8 0%

0

Excesdance peobability

0 g

i

2 5
S

| FEEEE FFUWE FENTE PR TS FET R SRR

$ 2 g 8 8 8 g °

{w-ey) moy Apjasm

07 0.8 0.9

0.6

Lot Ll T T

a5

0.4

Exceadence probability

{ 3BRN

a.3

-

L il N PR P I

2 E 8§ 8 8

SEWEEE INEE SURTY Freres |
o2

a1

il

i

3000 ~
a

(w-ey) moy Apjaam

10

06 OF d& 09

a5

0.4
Exceedance probabilily

USSO

0.3

0.2

IIESSESNERNSIN NI RUNSENEETY FRERE PENEE NNR T I}

€1

Figurs 1b. Weekly flow exceedence probability (WFEED, S352, USSO and L3BRN])

| FWWIE FEETE FNEEl TN Rl R
[=] (=) o [} ]

8 (=] 3 o o
= o -

{w-ey) mop Apoam

4]
o



iT

(0615 PUB OPLS '5S '8S) Aliqegod souspesoxs moy; Apioap o1 embiy

b__mn_mmno._u mMchm 82x3 Amgeqoud esuepeaox g
t 50 Fo &0 ‘0 ¥O OED 0 LN qQ . . ) . . . . .
T __qqﬂ_qd\_—ww-ﬂﬂd___—dd ﬁ_ _. ma mm hﬁu ma mﬁu *‘a ﬂ\ﬂu N° _.a D
_ud LR —‘u-Hd_q.Hq-_—ﬂan—._._‘—d-__qqﬂqd D
*
o = coe <
ows B
Z o; B
o0zE g
= 006
cagL ¥ m
= oozl ¥
oong M =4
3 oosL
Dok ™ El
ool
0082
Qa1z
Auligwgcd sauepessiy Aingegoid eduepsaTxg
L D 5] £h 10 4] F} (4] Zn 4] n L Lk B L' 90 5 0 0 20 i'o n
LA S AR AR AR AL SR s s ey o s ST [T A Al R AR LR AR AR Ry s
a0 3
= ]
acal ]
ool ¢ Joarz ¥
z : %
= 3 ZF
._unﬂ— m ] m
= ] ]
w. ] =
i GCo02 3 3] ﬂ-
- 2
9 cos2 oS
] o cces
mwmw = poae mwmw




21

061S Joi seydwes jo Jequinu pajeinwis Apjeeps 'z anbirg

(966 1-286 1) MOJ} YlIM SO A
006G 007 00g 00¢ 001

h i I i “_ —.m__m_~ I m .o_ — ¢u| =1 | M@_ CH - | i | ®
o ° o)
b D10 Bl oal wey 50 ot o Fe e, wuid
o o o, o @ o° %Inm. @ o_un%u 2 70, ¢ e0 o
T o g0 o ° go o o B8& o %, 2°8
m a? © m_.._.. e Y L _m.._u.o ? ao0o % __wooB o.wo n__m. - Nn i
dJDE] o L o il = - R
IAE un_hﬂ__n_uo o -] Dﬁ_ﬁw nﬁﬁoonm_. a® Doln.d.. o ounwnuDOQuaun Dn.n_mud. &
° ) o o % o ceo® B T 3
of Dnu.nm_ %a%cou ° o Bon. Mn_o L) o.nun LI &uo 3
Lm_QEmm%D Py o o _u_n..m_ o o . o ¢ ©° _n._.n.%nn. o —
o g Ld o © o o° 5P o
Aoedes wnwixew M : —
[+}
o -
o o 7]
o
o o -4
2 o 1
C o -
. -
o -
. -
. -
. -
. ]
—

001

002

00€

0P

00

009

¥eam Jad (sjonbije) se|dwes Jo jequinp






